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ABSTRACT: Wireless communications have been developed 

widely and rapidly in the modern world especially during the 

last decade. Recent advances in wireless communication 

systems have increased the throughput over wireless 

channels. The reliability of wireless communication has also 

been increased. But still the bandwidth and spectral 

availability demands are endless. The need to achieve 

reliable wireless systems with high spectral efficiency, low 

complexity and good error performance results in continued 

research in this field.  

         Orthogonal  frequency  division  multiplexing  

(OFDM)  is  a  wideband  wireless  digital communication 

technique.  With the wireless multimedia application 

becoming more and more popular, the required bit rates are 

achieved due to OFDM multicarrier transmission. For video 

communication very high bit  rate and high speed 

communication is required. We must  have modulation 

scheme that can read more number of bit at a time and send 

it with considerably low bit  errors.  The  OFDM is  a  digital  

modulation  scheme  that  can  support  high  speed  video 

communication along with audio with elimination of ISI. It 

is a multiplexing access scheme that has many favorable 

features required for the fourth generation wireless 

communication systems. In this paper, we provide an 

overview of the OFDM, modulation techniques like BPSK, 

QPSK and QAM along with the literature survey. 
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1. Introduction 

OFDM is a mixture of modulation and 

multiplexing. Multiplexing by and large alludes to 

autonomous signals, those delivered by different 

sources. In OFDM the inquiry of multiplexing is 

connected to free signals yet these independent or 

free signals are a sub-set of the one principle signal. 

In OFDM, the signal itself is first divided into 

separate channels, modulated by carriers and then 

multiplexed to create the OFDM carrier. If the FDM 

system above had possessed the capacity to utilize a 

set of subcarriers that were orthogonal to one 

another, a larger amount of spectral efficiency could 

have been attained to. The guard bands that were 

important to allow individual demodulation of 

subcarriers in an FDM system would never again be 

fundamental. The utilization of orthogonal 

subcarriers would permit the subcarriers spectra to 

overlap, in this way expanding the spectral 

efficiency.  

               As far as Orthogonality is sustained, it is 

still conceivable to recover the individual 

subcarriers signals regardless of their overlapping 

spectrums. It can be seen that practically a large 

portion of the bandwidth is spared by overlapping 

the spectra. As more carriers are included, the 

bandwidth approaches (N+1)/N Bits per Hz. Bigger 

number of carriers gives better spectral efficiency. 
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The principle idea in OFDM is Orthogonality of the 

sub-carriers. The "orthogonal" piece of the OFDM 

shows that there is an exact scientific relationship 

between the frequencies of the carriers in the 

system. It is conceivable to arrange the carriers in 

an OFDM Signal so that the sidebands of the 

individual carriers overlap and the signals can still 

be received without neighbouring carrier‘s 

interference. In order to do this the carriers must be 

numerically orthogonal. The carriers are straightly 

free (i.e. orthogonal) if the carrier spacing is a 

multiple of 1/Ts. Where, Ts is the symbol duration.  

                      The Orthogonality feature of OFDM 

among the carriers can be sustained if the OFDM 

signal is characterized by utilizing Fourier 

transform procedures. The OFDM system transmits 

a substantial number of narrowband carriers, which 

are nearly separated. Note that at the central 

frequency of the each sub channel there is no 

crosstalk from other sub channels. In an OFDM 

system, the data bit stream is multiplexed into N 

symbol streams, each with symbol period Ts, and 

each symbol stream is utilized to modulate parallel, 

synchronous sub-carriers. The sub-carriers are 

dispersed by 1/NTs in frequency, in this way they 

are orthogonal over the interval (0, Ts). A typical 

discrete-time baseband OFDM transceiver system is 

indicated in figure underneath. To start with, a 

serial-to-parallel (S/P) converter amasses the stream 

of data bits from the source encoder into gathering 

of log2M bits, where M is the letter in order of size 

of the digital modulation scheme employed on each 

sub-carrier. A sum of N such symbols, Xm, are 

made. Then, the N symbols are mapped to 

receptacles of an inverse fast Fourier transform 

(IFFT). These IFFT receptacles compare to the 

orthogonal sub-carriers in the OFDM symbol.  

 

Fig. 1: Baseband OFDM transceiver system. 

Therefore, the OFDM symbol can be expressed as    

 

Where Xm are the baseband symbols on each sub-

carrier. The digital-to-analog (D/A) converter then 

creates an analog time-domain signal which is 

transmitted through the channel.  

At the receiver, the signal is converted back to a 

discrete N point sequence y(n), corresponding to 

each sub-carrier. This discrete signal is 

demodulated using an N-point fast Fourier 

transform (FFT) operation at the receiver. The 

demodulated symbol stream is given by:  
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Where W (m) corresponds to the FFT of the 

samples of w (n), which is the Additive White 

Gaussian Noise (AWGN) introduced in the channel. 

The fast speed data rates for OFDM are proficient 

by the simultaneous transmission of information at 

a lower rate on each of the orthogonal sub-carriers. 

In view of the low information rate transmission, 

distortion in the received signal impelled by multi-

path delay in the channel is not as noteworthy as 

contrasted to single-carrier high-data rate systems. 

For instance, a narrowband signal sent at a high data 

rate through a multipath channel will encounter 

more noteworthy negative effects of the multipath 

delay spread, as the symbols are much closer 

together. Multipath distortion can also cause inter-

symbol interference (ISI) where nearby symbols 

overlap with each other. This is counteracted in 

OFDM by the insertion of a cyclic prefix between 

successive OFDM symbols. This cyclic prefix is 

discarded at the receiver to cancel out ISI. It is 

because to the robustness of OFDM to ISI and 

multipath distortion that it has been considered for 

different wireless applications and standards. 

2. Literature Survey 

The first OFDM scheme was proposed by Chang 

[2] in 1966 for dispersive fading channels, which 

has also undergone a dramatic evolution then 

OFDM was selected as the high performance local 

area network transmission technique. A method to 

reduce the ISI is to increase the number of 

subcarriers by reducing the bandwidth of each sub-

channel while keeping the total bandwidth constant. 

The ISI can instead be eliminated by adding a guard 

interval at the cost of power loss and bandwidth 

expansion. These OFDM systems have been 

employed in military applications since the 1960’s, 

for example by Bello [6], Zimmerman [7] and 

others.  

                The employment of discrete Fourier 

transform (DFT) to replace the banks of sinusoidal 

generators and the demodulators was suggested by 

Weinstein and Ebert [5] in 1971, which 

significantly reduces the implementational 

complexity of OFDM modems. Hirosaki [8], 

suggested an equalization algorithm in order to 

suppress both intersymbol and inter subcarrier 

interference caused by the channel impulse response 

or timing and frequency errors. Simplified model 

implementations were studied by Peled [9] in 1980.                   

               Let take initial a chance to break down 

why Time Division Multiple Access (TDMA) and 

Code Division Multiple Access (CDMA) end up 

dangerous at high information rates. On the off 

chance that exclusive a solitary frequency band is 

utilized, at that point the symbol span TS needs to 

wind up little keeping in mind the end goal to 

accomplish the required information rate, and the 

system transfer speed turn out to be extensive. For 

instance, the Global system for portable 

communicaion (GSM) System which is intended for 
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information rates up to 200kbit/s utilizes 200 kHz 

transfer speed, while the IEEE 802.11 System with 

information rates up to 55M Bit/s utilizes 20MHZ 

data transmission. Presently defer scattering of a 

wireless channel is given by nature its esteems rely 

upon the earth, however not on the transmission 

system. In this manner, if the symbol span turns out 

to be little and accordingly the required length of 

the equalizer turns out to be long regarding symbol 

term.  

                   The computational exertion for such a 

long equalizer is huge and the likelihood of dangers 

increments. OFDM, then again, builds the symbol 

duration on every one of its carriers.  

                   OFDM goes back approximately 40 

years a patent was connected for in the mid-1960. A 

couple of years after the fact, an essential – the 

cyclic prefix-was presented [10]. It helps to remove 

residual delay dispersion. Clmini [1985] was the 

first to recommend OFDM for wireless 

communicaion. However, it was just in the mid 

1990s that advances in equipment for wireless 

communicaion. In any case, it was just in mid 1990s 

that advances in equipment for computerized signal 

handling made OFDM a reasonable alternative for 

wireless systems. Moreover, the high-information 

rate applications for which OFDM is particularly 

appropriate risen just as of late. As of now OFDM 

is utilized for Digital Audio Broadcasting (DAB), 

Digital video Broadcasting (DVB) and wireless 

Local Area Network (LANS). Orthogonal 

frequency division multiplexing (OFDM) is a multi-

carrier transmission strategy that has been as of late 

perceived as a superb technique for fast bi-

directional wireless information communication. 

OFDM viably crushes different balanced carrier 

firmly together, diminishing the required transfer 

speed however keeping the adjusted signs 

orthogonal so they don't meddle with each other. It 

depends on frequency division multiplexing (FDM), 

which is an innovation that uses various 

Frequencies to at the same time transmit different 

signals in parallel. Each signal has its own 

particular frequency go (sub carrier) which is then 

regulated by information [7]. Each sub-carrier is 

isolated by a watch band to guarantee that they don't 

cover. These sub-carrier are then demodulated at be 

precisely controlled to keep up the orthogonality of 

the carriers. Thus, OFDM is produced by right off 

the bat picking the range required, in light of the 

information, and modulation scheme utilized. Every 

carrier to be delivered is allocated a few information 

to transmit. The required adequacy and period of 

the carrier is then computed in view of the 

modulation scheme(normally differential BPSK, 

QPSK, or QAM). The required range is then 

changed over back to its time domain signal 

utilizing an Inverse Fourier Transform. In many 

applications, an Inverse Fast Fourier Transform 

(IFFT) is utilized. The IFFT plays out the change 

proficiently, and gives a straightforward method for 

guaranteeing the carrier signals created are 
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orthogonal. The Fast Fourier Transform (FFT) 

changes a cyclic time domain signal into its 

proportionate frequency range [14]. This is finished 

by finding the equal waveform, produced by an 

aggregate of orthogonal sinusoidal segments. The 

abundancy and period of the sinusoidal parts speak 

to the frequency range of the time space signal. The 

IFFT plays out the invert procedure, changing a 

range (adequacy and period of every part) into a 

period area signal. An IFFT changes over various 

complex information focuses, of length, which is an 

energy of 2, into the time. With the coming of 

mixed media applications in the wireless systems, 

the data transmission required for communicaion is 

perpetually expanded. The fundamental issue with 

the wireless systems is that the communication 

channel is wireless and its qualities change every 

once in a while. This time-fluctuating conduct of 

the channel gives variable measure of constriction 

and time delay for various forms of the same 

transmitted signal. This requires the utilization of 

equalizer at the less than desirable end.  

                 Electromagnetic (radio) signals are 

transmitted for the long-distance wireless 

transmission. The real issue with the gathering of 

radio signs is fading  caused by multipath spread of 

the radio signs [12]. Because of the multipath 

engendering, there are numerous copy of the 

initially transmitted signal, each with an alternate 

way and time defer attributes that are gotten at the 

receiver. Because of the diverse time-defer 

attributes the quality of the subsequent got motion 

at the receiver fluctuates with time and in this 

manner brings about fading called multipath 

fading[11].  

                  Inter symbol interference (ISI) 

additionally extremely corrupts the execution of fast 

wireless communication systems. ISI happens when 

a transmission meddles with itself and the recipient 

can't interpret the transmission effectively. Different 

procedures, for example, leveling, assorted variety 

has been proposed to relieve the impacts of these 

undesired wonders [12].  

                 The essential target of our investigation 

is lessening the ISI issue in the wireless 

communication. One arrangement can be the 

orthogonal frequency division multiplexing 

(OFDM). The possibility of OFDM is to disperse 

the high-rate information stream into some low-rate 

information streams that are transmitted parallelly 

finished numerous sub channels. In this way, in a 

sub channel, the symbol term is low when 

contrasted with the most extreme postponement of 

the channel and subsequently, ISI can be taken care 

of. OFDM can basically be characterized as a type 

of multi-carrier modulation where its carrier 

separating is precisely chosen with the goal that 

each subcarrier is orthogonal to alternate subcarriers 

in the system [7]. As is notable, orthogonal signs 

can be effectively isolated at the recipient by 

relationship strategies thus, inter symbol 

interference among channels can be wiped out. 
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Orthogonality can be accomplished via precisely 

choosing carrier separating, for example, letting the 

carrier dividing to be equivalent to the 

complementary of the helpful symbol time frame. 

Keeping in mind the end goal to possess adequate 

transmission capacity to pick up favorable 

circumstances of the OFDM system, it is great to 

aggregate various clients together to shape a 

wideband system so as to interleave information in 

time and frequency (depends how expansive one 

client signal).  

                    After transmission over the radio 

channel, the orthogonality of the OFDM subcarriers 

is kept up using suitable carrier dispersing and 

protect time-interim (called cyclic prefix) and 

therefore, the channel interference impact is 

lessened to a duplication of each subcarrier by a 

perplexing exchange factor. This is represented in 

figure (1.1). In this manner, leveling the signal is 

extremely basic though evening out may not be 

practical on account of traditional single-carrier 

transmission covering a similar transfer speed. The 

receiver by utilizing channels to isolate the groups 

[Fig 1.1].  

 

Figure 2 Single Carrier Transmissions 

OFDM is like FDM yet significantly more 

frightfully productive by dividing the sub-channels 

substantially nearer together (until the point that 

they are really covering). This is finished by 

discovering frequencies that are orthogonal, which 

implies that they are opposite in a scientific sense, 

permitting the range of each sub-channel to cover 

another without meddling with it. In Figure 1.2, the 

impact of this is viewed as the required data 

transmission is enormously lessened by expelling 

watch groups and enabling signs to cover. With a 

specific end goal to demodulate the signal, a 

discrete Fourier change (DFT) is required. Fast 

Fourier change (FFT) chips are monetarily 

accessible, making this a generally simple task.  

 

Figure 3 Multicarrier Transmissions (OFDM) 

3.Binary phase shift key (BPSK)  

Binary Phase Shift Keying (BPSK) is a sort of stage 

modulation utilizing two unmistakable carrier 

stages to signal zeros. BPSK is the easiest type of 

PSK. It doesn't especially make a difference 

precisely where the group of stars focuses are 

situated. This modulation is the most powerful of all 

the PSKs since it takes the largest amount of noise 

or mutilation to influence the demodulator to come 

to a errorn choice. It is, in any case, just ready to 

adjust at 1 bit/symbol as is unacceptable for high 

information rate applications when data 

transmission is constrained.  

                 Within the sight of a self-assertive stage 

move presented by the communicaion channel, the 

demodulator can't tell which group of stars point is 
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which. Thus, the information is regularly 

differentially encoded preceding modulation. In 

BPSK, we realize that when symbol changes the 

level, the period of the carrier is changed by 180 

degree. Since there were just two symbols in BPSK, 

stage move happens in two levels just as appeared 

in figure 4. 

 

Figure 4 BPSK Constellation Diagram 

4. Quadrature phase shift key (QPSK)  

Quadrature Phase-shift Keying (QPSK) is a broadly 

utilized technique for exchanging computerized 

information by changing or modulationing the 

period of a carrier signal. In QPSK advanced 

information is spoken to by 4 focuses around a 

circle which compare to 4 periods of the carrier 

signal. These focuses are called symbols . QPSK 

encode two bits for every symbol. The unipolar 

paired message initially changed over into a bipolar 

non-come back to-zero (NRZ) arrangement utilizing 

a unipolar to bipolar converter. The bit stream is 

then part into worthless streams I(in-stage) and 

Q(Quadrature) .The bit stream in-phase(I) is known 

as the "even" stream and Quadrature(Q) is called 

"Odd" stream. In QPSK, when symbol is changed to 

next symbol, at that point the period of the carrier is 

changed by 45 Quadrature Phase Shift Keying 

(QPSK) is the advanced regulation procedure. 

Quadrature Phase Shift Keying (QPSK) is a type of 

Phase Shift Keying in which two bits are balanced 

without a moment's delay, choosing one of four 

conceivable carrier stage shifts (0, Π/2, Π, and 

3π/2). QPSK perform by changing the period of the 

In-stage (I) carrier from 0° to 180° and the 

Quadrature-stage (Q) carrier in the vicinity of 90° 

and 270° as appeared in figure 5.  

 

Figure 5 QPSK Constellation Diagram 

6. Quadrature Amplitude Modulation (QAM)  

This is the most famous modulation method utilized 

as a part of different wireless benchmarks. It joined 

with ASK and PSK which has two unique signs sent 

simultaneously on a similar carrier frequency yet 

one ought to be moved by 90º as for the other signal 

as appeared in Figure 6. At the receiver end, the 

signs are demodulated and the outcomes are 

consolidated to get the transmitted parallel 

information. The standard condition is:  

S(t)=d1(t)cos2 fct+d2(t)sin2 fct  
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Fig 6 QAM Modulator Diagram 

7. 16 QAM  

This is called 16-states Quadrature Amplitude 

Modulation, which implies four distinctive 

plentifulness levels would be utilized and the 

consolidated stream would be one of 16 = 4 * 4 

states. In this component, every symbol speaks to 4 

bits as appeared in Figure 7.  

 

Figure 7. QAM Constellation Diagram 

 

8. Conclusion 

In this review paper titled Different Modulation 

Techniques & OFDM - A Review Paper, we 

reviewed the OFDM and different modulation 

techniques by considering and defining OFDM with 

the help of its block diagram with the help of 

literature survey and worked so far. 
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